ENGINEERING 4020
MARINE FLUID DYNAMICS

QUIZ #1

The scaling laws for pump pressure, flow and power are:

Cp = P/[pN°D’] Co = Q/[ND’] Cp = P/[pN°D’]

Outline Dbriefly the derivation of these laws. Discuss

briefly the implications of the laws for pump design. [20]

A 10m long pipe separates a pump and a water storage tank
on a ship. The tank pressure is 5 BAR gage. The flow speed
in the pipe i1is 0.5m/s. The wave speed for the pipe 1is
1000m/s. The density of water is 1000kg/m’. There is a valve
just downstream of the pump. Describe what happens in the
pipe when the valve is suddenly shut. Use P versus x and S

versus x plots to illustrate your answer. [20]

Identify on the formula sheet the critical speed equation
for each of the following: (1) vortex shedding resonance
(2) galloping instability (3) tube bundle vibration (4)
pipe flow buckling (5) pipe flow whip (6) panel flutter.

Write brief notes on the flows in each case. [40]

Identify on the formula sheet the equations governing
turbulent hydrodynamic flows. Describe briefly how these

equations can be solved using CFD and time stepping. [20]



Q / [ND’] Cp = P / [pN°D°]

Cp = P / [pN°D?] Co =
Ce = P/ [p S’/2 A] Cs = ro / S
Cp = D / [[pS?/2] A] Re = SD/v Fr = S/V[gL]
T = D/S Cr =T/T st = T/T
s? = [ EI/[pA] n?/L® + T/[pA] - P/p ]
S = [4 + 14 M,/M] S,
So = \[[ETI]/[M,L?]] M, = pA
|AP| = p a |AS| a=\/[K/p]

K=K/ [1 + [DK]/[Ee]]

s? = [Tk® + Dk' + K/w + pgg - prg] *

[or/k + pe/k + o] / [pspr + Oprk]

S =S, M/My { a So = D/T M, = pD?

S = B/T V[MS/p] = BS, V[8M/M,]

T, = [2L/n] V[m/T]

T, = [L/n]? [2/n] V[m/EI]

T, = 2nL°/K, V[m/EI]



p ( 0U/ot + UOU/0x + VOU/Oy + WOU/Oz ) + A = - OP/0x

+ [ 0/0x (u 0U/0x) + 0/0y (u 0U/dy) + 0/0z (n 0U/0z) ]

p ( 0vV/ot + U0V/0x + VOV/Oy + WoV/O0z ) + B = — OP/0y

+ [ 0/0x (u OV/0x) + 0/0y (u ovV/dy) + 0/0z (n ovV/0z) 1

p ( OW/0t + UOW/0x + VOW/dy + WOW/0z ) + C = - 0P/0z - pg

+ [ 0/0x (p OW/0x) + 0/0y (n OW/0y) + 0/0z (p OW/0z) ]

OP/0t + p ¢ ( 0U/0x + OV/Oy + OW/0z ) = O

OF/0t + UOF/0x + VOF/0y + WOF/0z = 0

ok/ot + U0k/0x + VOk/Oy + Wok/0z = Tp - Tp

+ [ 8/0x (u/a 0k/dx) + 8/0y (w/a 0k/dy) + 8/0z (w/a 0k/dz) |

Oe/0t + Ulde/0x + VOe/Oy + Woe/0z = Dp - Dp

+ [ 0/0x (u/b 0g/0x) + 0/0y (W/b 0Oe/0y) + 0/0z (W/b 0Oe/0z) 1]

oM/0t = N Myew = Morp + At Nomp
Tp = G Kt / e} Dp = Tp Cl e / k
Ty = Cp € Dp = C; £ / k

pe = C3 k% / ¢ no= pe +om



